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ABSTRACT 
 
This unblinded, controlled pilot study was undertaken to determine if cervical spine 
adjustments had an effect on improving the low back pain in the workforce of the 
corporate environment. 
 
Subjects were treated at the Technikon Witwatersrand chiropractic day clinic in 
Johannesburg, South Africa. 
 
Thirty corporate employees suffering from low back pain were selected for this study. 
Subjects were recruited using posters put up at the Technikon Witwatersrand campus and 
at companies in and around Johannesburg. The patients were divided into three groups of 
ten. One group received chiropractic adjustments of the cervical spine. The second group 
received chiropractic adjustments of the lumbar spine and sacroiliac joints. The third 
group received a combination of chiropractic adjustments of the cervical spine, lumbar 
spine and sacroiliac joints. Patients were treated nine times over a four-week period. 
 
Objective data was recorded using a Digital Inclinometer to measure lumbar spine range 
of motion. Subjective data was obtained by participants recording their progress on the 
Oswestry Back Disability Index and Visual Analogue Pain Scale. 
 
The results showed that there was a statistically significant improvement in the pain and 
disability experienced by the patients in all three groups for the subjective measurements. 
There was however no statistically significant increase in range of motion in the lumbar 
spine for all three groups according to the objective measurements.  
 
This study concluded that cervical spine adjustments had a positive effect on improving 
the low back pain and disability experienced by the workforce in the corporate 
environment.  
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CHAPTER 1 – INTRODUCTION 
 
 
The aim of this study was to determine the efficacy of chiropractic cervical spinal 
adjustments on mechanical lower back pain in the workforce of the corporate 
environment. 
 
Low back pain affects a large proportion of the population and is an increasingly costly 
problem in the western world. Theories relating to the cause of low back pain have 
included single and multiple factors such as abnormal physical findings, mechanical, 
psychosocial and economic factors. Low back pain is often reported to have commenced 
at work and is responsible for a high percentage of all sickness absence days.(Leboeuf 
1991:311) 
 
The workforce in the corporate environment may be especially prone to develop low 
back pain due to a combination of poor posture and prolonged sitting in a particular 
position every day. These factors may lead to biomechanical dysfunction not only in the 
lumbar spine, but also throughout the whole spine, including the cervical spine. 
 
The cervical spine is a remarkable structure, possessing a wide range of mobility in 
nearly every direction. Trauma to or pathological processes within the cervical spine 
can have clinical ramifications in the cranium above or in the extremities and body 
below. (Haldeman 1992:137, 148) 
 
Many authors emphasize the importance of correcting the biomechanical dysfunction of 
the cervical spine. According to Walther (2000:76); the maintenance of proper upper 
cervical function is paramount to normal function of the nervous system. Gillet states that 
a large percentage of low-back pain cases are not due primarily to lower back fixations. 
Gillet maintains that the first region to correct before any other is the upper cervical 
region, even if trouble appears to be stemming from the lumbar spine (Shafer and Faye 
1990:273). 
 
Chiropractic manipulation (adjustment) utilizes specific short levers to which a high-
velocity thrust of controlled amplitude is directed, with the aim of correcting 
biomechanical disorders by restoring mobility to individual articulations. (Gatterman 
1990:49) 
 
This study compared the effects that chiropractic cervical spine, lumbar spine and 
sacroiliac adjustments had on the lower back pain of the workforce of the corporate 
environment, either separately or in conjunction, in order to determine which was the 
most effective. Three groups of ten patients each were studied. Group A received cervical 
spine adjustments. Group B received lumbar spine and sacroiliac adjustments and Group 
C received a combination of the aforementioned therapies. Each group underwent nine 
treatments within a three-week period. Objective data was collected using the Saunders 
Digital Inclinometer that measured lumbar spine range of motion (Saunders 1997:1-8). 
Subjective data was collected using the Oswestry Back Disability Index and the Visual 
Analogue Pain Scale (Fairbank 1980:271-273)(Price 1983:45). 
 
It was hypothesized that cervical spine adjustments have a positive effect on 
decreasing the low back pain in the workforce of the corporate environment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 2 – LITERATURE REVIEW 
 
 
2.1 CHIROPRACTIC PHILOSOPHY 
 
The human body is endowed with certain inherent qualities that provide for the 
protection, maintenance, and restoration of health, of which the normal function of the 
nervous system is a major integrating force. It is reasoned that pathophysiologic 
processes may develop particularly in the spine, when normal transmission and 
expression of nerve energy is interfered with. (Shafer and Faye 1990:xviii) 
 
 Chiropractic is that discipline which is concerned with the relationship between 
structure, primarily the spine, and function, primarily the nervous system. It is also 
concerned with the etiology, pathogenesis, diagnostics, therapeutics, and prophylaxis of 
functional disturbances, pathomechanical states, pain syndromes, and other 
neurophysiologic effects related to the statics and dynamics of the neuromusculoskeletal 
system, particularly those related to the spine and pelvis. (Shafer and Faye 1990:xviii) 
 
2.1.1 The Concept of a Subluxation 
 
Traditionally, the chiropractic spinal lesion has been referred to as a subluxation. The 
conventional definition of subluxation is an incomplete or partial dislocation of the 
articulating surfaces of two successive vertebrae. D.D. Palmer redefined subluxation as 
“a partial or incomplete separation (of vertebrae), one in which the articulating surfaces 
remain in partial contact.” In modern concepts many attempts have been made to define 
and describe the chiropractic subluxation, as a result this term has become exceedingly 
ambiguous (Gatterman 1990:xviii,xix). A 1994 consensus definition states that, a 
subluxation is a motion segment in which alignment, movement integrity, and/or 
physiologic function are altered, although contact between the joint surfaces remains 
intact (Gatterman 1994:303). The Association of Chiropractic Colleges however, 
developed a definition in 1996, which stated that a subluxation is a complex of functional 
and/or structural and/or pathological changes that compromise neural integrity and may 
influence organ systems function and general health (Chapman-Smith 1997:3). The most 
consistent concept with the observed facts emphasizes the disruption of the normal 
mechanical integrity of the vertebral motion segment. If the rationale for manipulation is 
the restoration of biomechanical integrity of the vertebral motion segment, then the 
fixation subluxation is more accurate. This was defined as a vertebra that is fixed in a 
position it could normally occupy during any phase of physiological movement 
(Gatterman 1990:xviii,xix). 
 
2.1.2 Articular Fixation Defined 
 
For an articulation to remain in an abnormal state of “subluxation”, something must be 
holding it there to restrict its mobility, otherwise it would spontaneously reduce itself and 
produce little clinical concern. This “holding” or “mobility hindrance” mechanism is 
commonly called a “fixation”. For example, a vertebra may be in a state of hypomobility, 
“fixation”, unilaterally or bilaterally, that is well within its normal range of motion during 
the resting position yet be considered an articular aberration that can cause or contribute 
to many pathological expressions. Thus if a subluxation exists, a fixation also exists, and 
a fixation can exist even when the articular surfaces are in an ideal relationship during the 
static resting posture (Shafer and Faye 1990:2). 
 
2.1.3 Chiropractic Manipulation 
 
The chiropractic profession is the largest health profession in the world in which spinal 
manipulative therapy or “adjustment” is the central method of treatment. Chiropractic 
manipulative therapy (CMT) is unique in many aspects, and involves the use of short-
lever, specific, high-velocity, controlled forceful thrusts by hand, which are directed at 
specific articulations. CMT is intended to move the joint surfaces beyond the initial 
barrier of resistance and to the anatomical limit of “safe” joint play, into the so-called 
paraphysiological space.(Sandoz 1976:91)(Leach 1994:16) 
 
2.2 ANATOMY 
 
It is critical to have an integral knowledge of the relationship between the anatomic 
components of the spinal motion segment in order to understand the spinal subluxation 
model. A spinal motion segment also known as the three joint complex, consists of two 
zygapophyseal (posterior) joints and the (anterior) intervertebral disc. These structures 
interact to form the functional unit of the spine. The position of the intervertebral 
foramen provides a significant boundary between the central nervous system and the 
peripheral nervous system, and in some cases it may be structurally important to 
nociception arising from the spinal motion segment (subluxation-generated pain). Pain of 
spinal origin is transmitted through central and peripheral neural structures and is 
modulated at various sites (Gatterman 1995:19). Some of the Central Nervous System 
structures that have been implicated in this process include the dorsal horn of the spinal 
cord, ascending pathways, reticular formation of the brain stem, thalamus, and cerebral 
cortex. The interconnections of these areas and subsequent integration of the information 
result in the components associated with the sensation of pain. These components include 
discriminatory qualities, emotions, attentiveness to the painful area, and reflex responses 
involving both autonomic and endocrine systems (Cramer and Darby 1995:361). 
 
The spinal column is made up of 23 typical vertebral motion segments from the C2-C3 
segment to that of L5-S1 junction. Each segment is comprised of an intervertebral disc, 
two posterior spinal joints, neurological elements confined to within the two lateral 
recesses and intervertebral foramina, plus all the connective and muscular tissue 
supporting and limiting intersegmental movement. The two most cephalad articulations 
of the spinal column form atypical vertebral motion segments (C1/C2). No discs separate 
the anterior portions of these segments. The pelvic ring forms the third atypical three-
joint motion segment. The paired posterior sacroiliac joints function similarly to the 
paired posterior joints of a typical vertebral motion segment, while the symphysis pubis 
allows the same type of movement as the intervertebral disc, due to the compressibility 
and elasticity of the amphiarthrodial interarticular material. (Gatterman 1990:12-13) 
 
2.2.1 Zygapophyseal Joints (Z-joints) 
 
The junction between the superior and inferior articular facets of the articular process 
(zygapophyses) on one side of two adjacent vertebrae is known as a zygapophyseal joint 
(Z-joint). These joints are also referred to as facet or interlaminar joints. (Gatterman 
1995:19) 
 
 The zygapophyseal joints are classified as synovial (diarthrodial) planar joints with 
curved articular surfaces covered with hyaline cartilage. Each of these joints is encased 
with-in a thin, loose, sleeve-like ligamentous capsule lined with synovial membrane, 
which secretes synovial fluid. The synovial fluid normally permits frictionless and pain-
free movement. The enemy of articular cartilage is immobility, because it interferes with 
the removal of waste products and the furnishing of nutrition by the synovial fluid. These 
zygapophyseal joints are not merely the meeting place of bones. They are essential to 
motor function, and they are richly innervated by both proprioceptive and nociceptive 
fibres that provide essential kinesthetic and postural information as well as being the 
source of much back pain. (Gatterman 1990:48) 
 
2.2.2 Innervation of the Zygapophyseal Joints 
 
The capsule has a very rich sensory supply and is well vascularized. It is derived from the 
medial branch of the posterior primary division (PPD) or the dorsal ramus at the level of 
the joint and each joint also receives a branch from the level above and the level below. 
Such multilevel innervation may be one reason for the broad pattern of referral from a Z-
joint. There are three types of sensory receptors in the joint capsule. These are as follows: 
• Type I Receptors – very sensitive static and dynamic mechanoreceptors, which fire 
continually to some extent even when the joint is static. 
• Type II Receptors – are less sensitive mechanoreceptors that fire only during 
movement. 
• Type IV Receptors – are slow-conducting nociceptors (Types A delta and C thinly 
myelinated or unmyelinated pain fibers)  
Type I and II receptors have a pain suppressive effect (gate control mechanism). There is 
also a reflexogenic effect created by these two types of fibers that causes a normalization 
of muscle activity on both sides of the spinal cord when stimulated. This reflexogenic 
effect is thought to occur at the level of the site of stimulation and at the levels above and 
below. Type IV receptors mediate nociception and respond to potentially injurious 
mechanical or inflammatory processes.(Williams, Warwick, Dyson, Bannister 
1989:914,915)(Cramer and Darby 1995:25,253) 
 
 
2.2.3 Zygapophyseal Joints as a Source of Back Pain 
 
The Z-joints have been shown to be a source of back pain and several therapeutic 
interventions have been designed to treat pain originating from these structures. Mooney 
and Robertson 1976; used facet joint injections of corticosteroid or local anaesthetic to 
treat pain arising from the Z-joint. In some instances denervation of the joint has been 
performed. Surgical transection of the dorsal ramus/posterior primary division was the 
first method of denervating the joint. This has been replaced by radiofrequency 
neurotomy. (Cramer and Darby 1995:27) 
 
Spinal manipulation is used to produce a therapeutic effect by relieving the articular 
capsule or its synovial lining from the chronic reaction to trauma. These chronic reactions 
to trauma would include the entrapment of the Z-joint synovial folds between the 
articular facets and also the catching of a synovial fold between the joint capsule and an 
articular process. (Cramer and Darby 1995:27) 
 
The entrapment of synovial folds may also be a direct cause of pain since they are 
innervated by nociceptors. Spinal manipulation may have the effect of opening the 
articular surfaces and relieving direct pressure on the synovial folds. It may also provide 
traction to the capsule that could pull the synovial fold peripherally away from the region 
of entrapment. (Cramer and Darby 1995:27)  
 
2.2.4 Recurrent Meningeal Nerve as a Source of Back Pain 
 
The recurrent meningeal nerves at each vertebral level innervate many structures located 
within the intervertebral foramen and the vertebral canal. These nerves carry fibers that 
conduct nociception (pain), and the structures innervated by these nerves are considered 
to be capable of producing back pain. However in addition to nociceptive input the 
recurrent meningeal nerves also carry thermal sensation and proprioception. The 
recurrent meningeal nerves are found at each intervertebral foramen of the vertebral 
column. They each originate from the most proximal portion of the anterior primary 
division just distal to the intervertebral foramen that they eventually reenter. They receive 
a branch from the closest gray communicating ramus and then enter the anterior aspect of 
the intervertebral foramen close to the pedicle that forms the roof of this opening. Usually 
more than one recurrent meningeal nerve enters each intervertebral foramen, and up to 
six have been found at one level. Consequently, compression of the recurrent meningeal 
nerves within the confines of the intervertebral foramen may be a cause of back pain. The 
recurrent meningeal nerves innervate the posterior aspect of the intervertebral disc, the 
posterior longitudinal ligament, the periosteum of the posterior aspects of the vertebral 
bodies, the epidural venous plexus, and the anterior aspect of the spinal dura mater. 
Therefore, all these structures have been implicated as a possible source of back pain. 
(Cramer and Darby 1995:215,216) 
 
Refer to Figure 2.1: Lumbar Intervertebral Foramen 
 
2.2.5 Sacroiliac Joints as a Source of Back Pain 
 
The sacroiliac joint is now gaining added attention as a primary source of low back pain. 
The sacroiliac joint is responsible for approximately 20% of low back pain and may be 
implicated to some extent, in more than 50% of patients with low back pain. Thus this 
joint is an area of great clinical importance. The weight of the human trunk is transmitted 
by gravity through the lumbosacral junction and is then divided onto the two sacroiliac 
joints. The ground reaction forces are transmitted through the hip joints and also act on  
 
 
 
 
Figure 2.1: A) and B) Lumbar Intervertebral Foramen 
                                      C) Horizontal Section through Intervertebral Foramen 
 
 
From: Cramer, G.D. Darby, S.A. (1995) Basic and Clinical Anatomy of the Spine, Spinal Cord and ANS. 
Mosby , Baltimore, pp 43. 
 
 
the sacroiliac joints. During sitting, it receives the greatest stresses from below since the 
ground reaction force reaches the joint directly without first passing through the other 
extremity joint such as the hip or knee joints. The sacroiliac joints are richly innervated 
by nociceptors and proprioceptors. The latter indicates that these receptors relay 
information to the higher brain centers relating to movement and joint position to 
maintain an upright posture and balance. This will be discussed further under 2.5. 
(Cramer and Darby 1995:227,232) 
 
Research done on the sacroiliac joint by Dr. Shaw (1992) was published in the 
Chiropractic Report. This research was based on a prospective study of 1000 consecutive 
patients with low back pain. Shaw concludes that 98% of the patients had a mechanical 
dysfunction of the sacroiliac joints and this was a major source of their low back pain. He 
also states that treatment of these patients by restoration of full sacroiliac motion, along 
with correction of other dysfunctions, has led to the relief of symptoms in almost all 
cases. He had also come to realize that almost every patient with low back pain also has 
significant mechanical dysfunction of the cervical spine and the thoracolumbar spine. In 
conclusion, he states that the most important and vital concept to understand is, that the 
whole musculoskeletal system needs to be treated.  
 
 
2.3 GENERAL CONSIDERATIONS OF THE CERVICAL AND LUMBAR 
SPINE 
 
The cervical spine is designed to accommodate a wide range of motion with minimal 
disruptive effect on the structures of the central nervous system. In addition, the nerve 
roots in the lower part of the cervical spine are anchored within their intervertebral 
foramina. Trauma to or pathological processes within the cervical spine can have clinical 
ramifications in the cranium above or in the extremities and body below. (Haldeman 
1992:147,148) 
 
If mechanical lesions occur in the cervical spine it will have a profound effect because of 
the diversity and richness of the cervical spine innervation. Arthrokinetic reflexes 
underlie static and dynamic posture, and when these reflexes are disturbed it may have an 
extensive reflex effect upon muscle tone in the neck, trunk and limbs. The variability of 
the vertebrobasilar vascular system makes it particularly vulnerable to mechanical 
aberrations, which can produce bizarre and widespread clinical features involving cranial 
and facial areas in addition to the trunk and all four limbs. Manipulation of cervical spine 
fixations normalizes disturbed function and may bring relief from a wide spectrum of 
pain syndromes. (Gatterman 1990:253) 
 
The lumbar spine is unique for a variety of reasons. Each region of the spine supports the 
weight of the body in increasing amounts as one moves caudal, thus the lumbar column is 
especially susceptible to extreme axial loads and external torques. This may be the reason 
that there is an increase in lumbar spinal dysfunction in truck drivers and hard laborers. 
As with the more caudal structures of the body, dysfunction in the lumbar spine will have 
direct mechanical reactions in the joints above. This is the reason a pronated foot can 
influence pelvic list and the posture of the torso, or an increase in lumbar lordosis with 
hyperextension of the upper lumbar motion segments may reduce the cervical lordotic 
curve. (Plaugher 1993:190) 
 
 
2.4   THE CONNECTION BETWEEN THE CERVICAL AND LUMBAR SPINES 
 
2.4.1    The Relationship of Upper Cervical Fixation to Low Back Pain 
 
Many authors insist that the human body must be studied as a whole and not to focus 
only on the areas of concern. Plaugher (1993:190); states that the spine exists and 
functions as one integrated whole, one area of the spine is often being affected by other 
more distant regions. Similarly, the spinal column and pelvis are supported and acted on 
by the upper and lower extremities, thus influencing them in diverse and complex 
interactions. It has also been noted that the spine is a multilinked mechanical system that 
combines weightbearing with physiological movement (Gatterman 1990:22). 
 
Segmental blockage of the cervical spine can be precipitated by trauma to the cervical 
spine as well as compensatory segmental fixation from faulty postural habits. Injury is 
usually of a moderate nature, such as flexion-extension injury from a rear end collision or 
a relatively minor blow to the head. The high frequency of cervical fixation, as seen in 
patients without trauma, also suggest, a compensatory mechanism by which the head 
remains level in spite of unlevel segments below (Gatterman 1990:220). This is described 
by Grieve (1981); as a physiological necessity to normalize the head position and to 
adjust the visual and equilibratory apparatus in the correct orientation to the vertical and 
horizontals of the environment. This is the result of the body’s constant attempt to 
maintain homeostasis. 
 
A relationship between the vertebral motions have been described in applied kinesiology, 
in which the atlas and 5th lumbar vertebrae rotate in the same direction when an 
individual walks, giving a relationship of motion to the atlas and 5th lumbar vertebrae. 
The relationship continues throughout the spine, with C2 rotating in the same direction as 
L4 and C3 with L3. At this point, the movement shifts to counterrotation as C4 
counterrotates with L2 and C5 with L1. The counterrotation continues throughout the rest 
of the spine until the upper half of the spinal column meets the lower half of at the 5th and 
6th thoracic vertebrae. This is termed the “Lovett Reactor”. Clinical evidence indicates 
that the Lovett reactor vertebrae are often related in primary and compensatory 
subluxations. If there is a primary subluxation at L4, there may be compensatory 
subluxation at C2. If the subluxation at C2 is corrected without correcting L4, the C2 
subluxation will frequently return. (Walther 2000:70) 
 
The Lovett reactor relationship of movement has been supported by the studies of Inman, 
Ralston, Todd (1981); where metal pins were inserted into the spinous processes of 
human subjects and their motions studied. Analysis of the motion of the pelvis, thorax, 
shoulders, and head reveals the reason for the counterrotation or same rotation of the 
Lovett reactors. This rotation can be seen as the leg moves forward in the swing phase of 
gait and the pelvis rotates forward, contributing to the length of the stride. The shoulder 
girdle moves posteriorly on that side, while the head counterrotates with the shoulder 
girdle to maintain forward head position during gait. This, then, requires opposite rotation 
of the lumbar and lower thoracic vertebrae with the upper thoracic vertebrae. The upper 
cervical vertebrae must rotate in the same direction as the lumbar vertebrae as the head 
counterrotates with the shoulder girdle. The relationship is extended as the sacrum reacts 
with the occiput and the coccyx with the sphenoid.  
 
Walther (2000:76); states that the relationship of the upper cervical vertebrae, their 
muscles, and head position is paramount to the organization throughout the body and to 
the normal function of the nervous system. Dysfunction here causes disorganization 
between the head-on-neck (tonic neck reflexes), visual righting, and labyrinthine reflexes.  
 
The occiput-upper cervical complex of muscles regulates the small motion within this 
area and influence how the mechanoreceptors are stimulated in this very important area 
of spinal function (Walther 2000:75). There is a very important connection from the 
rectus capitis posterior minor muscle to the dura called the posterior atlanto-occipital 
membrane-spinal dura complex. There is dural thickening at the point of contact, 
indicating traction is applied to the dura by this connection (Hack, Koritzer, Robinson, 
Hallgren, Greenman 1995:2484). The high levels of mechanoreceptors in the rectus 
capitis posterior minor emphasize the probable importance of its connection to the dura. 
It has been suggested by Jackson and De l’Aune (1996:1-5); that the function of the 
rectus capitis posterior minor is to provide static and dynamic proprioceptive feedback to 
the central nervous system, monitoring movement of the head and influencing movement 
of the surrounding musculature. Therefore, it seems plausible that the rectus capitis 
posterior minor muscle may act, at least in part, to monitor stresses on the spinal dura 
mater by way of this connective tissue (muscle-dural) bridge (Hack et al. 1997:925). 
 
Hole In One (HIO) practitioners of chiropractic manipulative therapy, have published 
studies of cases in which only the occiput-atlas-axis complex was adjusted with rapid and 
gratifying results. This type of case is often an overly stressed, highly emotional patient 
who has had a mental conflict just prior to the onset of the low back pain. The patient, 
usually has had similar pains after other emotional conflicts, and this would tend to show 
there is an anatomical substratum in the lower back, one that is not great enough to cause 
the pain by itself but which would constitute some type of localizing cause. If the correct 
adjustment is performed at the occiput-atlas-axis complex to correct a articular fixation, 
nothing more need to be done at this time, for if a good correction is made at the top of 
the spine (the seat of the righting reflexes), decided changes will take place in the 
remainder of the spine immediately. More changes will take place within the next 24 
hours. (Shafer and Faye 1990:273) 
 
In a case reported by Hoiriis (1989:38,39); a 40-year-old male patient presented with 
chronic intractable post-surgical low back pain of eight years duration. The condition, 
which had previously been unresponsive to both medical and other chiropractic 
treatment, responded positively to specific correction of the upper cervical subluxation, 
as was determined by objective and subjective measurements. 
 
Another case of low back pain related to cervical subluxation is reported by Clarkson 
(1973:28,29); a 62-year-old male complained of low back pain and bilateral leg pain so 
severe it had interfered with his ability to sleep well for 10 years. The cause of the 
complaint was originally misdiagnosed by medical professionals as being of lumbosacral 
origin. Chiropractic examination and cervical X-rays revealed the symptoms may in fact 
be of cervical origin instead, and after receiving four upper cervical adjustments, his pain 
had totally subsided. 
 
2.4.2   The Dentate Ligament and Proprioceptive Insult Hypothesis 
 
Two of the most important mechanisms in explaining how cervical misalignments could 
produce low-back pain are the proprioceptive insult hypothesis and the dentate ligament-
cord distortion hypothesis. (Hoiriis 1989:41) 
 
The proprioceptive insult hypothesis states that the vertebral misalignment produces a 
hyperstimulation of proprioceptive nerve endings in and adjacent to the articulation. It is 
hypothesized that this hyperstimulation of proprioceptive nerve endings results in a 
barrage of proprioceptive signals into the spinal cord which will cause an overload of the 
integrating circuits of the spinal cord. This will cause impairment of the spinal cord 
function at the level of the insult resulting in increased muscle tone around the 
articulation with possible effects being felt in other areas of the nervous system. This 
hypothesis, although plausible in explaining cord irritation, becomes complex if one tries 
to explain how an upper cervical subluxation can be responsible for producing symptoms 
in the lower spine and extremities. It also fails to explain several of the clinical 
phenomena associated with the correction of an upper cervical subluxation. (Grostic 
1991:15)  
 
The dentate ligament-cord distortion hypothesis utilizes the unique anatomy of the 
cervical spine to provide a model, which explains how a misalignment of C1 or C2 can 
produce neurological insult directly via mechanical irritation of the spinal cord, and 
indirectly via vascular compromise of the cervical cord. It is stated in this hypothesis that 
misalignments of the upper cervical vertebrae can directly stress and deform the spinal 
cord, due to their unique attachments to the spinal cord by means of the dentate 
ligaments. In addition to direct mechanical irritation, this stress on the cord may produce 
venous occlusion with stasis of blood and resulting anoxia in particular areas of the upper 
cervical cord. (Grostic 1991:15,16) 
 
Grostic has proposed that the atlas subluxation complex, by virtue of the dentate 
ligaments, could produce mechanical distortions of the spinal cord thereby compromising 
functions in tracts of the lateral and ventrolateral columns. The dentate ligaments are an 
extension of the pia mater and consist of collagen and elastin fibres. The twenty-one 
attachments start at the foramen magnum and end at T12-L1. By arising continuously 
from the spinal cord between the ventral and dorsal roots, they impale the arachnoid 
membrane by inserting themselves to the dura between the spinal nerve roots. The 
function of the dentate ligaments is to provide important fixation points for the spinal 
cord and, with assistance from the cerebrospinal fluid, protect the spinal cord from 
sudden shock (Chek and Curl 1994:139). Stoltmann and Blackwood (1960:45); stated 
that in their studies they were unable to demonstrate any limitation of movement of the 
spinal cord by the dentate ligaments in a anteroposterior direction within the confines of 
the cervical canal. They further state that the probable role of the dentate ligaments is to 
limit cephalo-caudal movement of the spinal cord within the confines of the cervical 
canal. 
 
Refer to Figure 2.2: Cross Section of the Spinal Cord Showing the Meninges and 
Dural Root Sleeves 
 
The dentate ligaments of the upper cervical spine are short, thick and stronger than those 
distal to them. Their orientation is in such a way that they check the caudal movement of 
the spinal cord. The spinal dura mater is attached to the edge of the foramen magnum and 
the posterior surfaces of the second and third cervical vertebral bodies with slips passing 
to the posterior longitudinal ligament especially towards the caudal end of the vertebral 
canal. (Chek and Curl 1994:139,140) 
 
Strong attachments of the dura mater to both the lateral masses and posterior arches of 
the atlas have also been found. The significance of this is that any joint dysfunction of the 
atlas, by virtue of dural attachments, could transfer forces of eccentric motion into the 
spinal cord via the stronger cervical denticulate ligaments. (Grostic 1991:17) 
 
It has been shown that the dentate ligaments are strong enough to distort the spinal cord 
and fold its peripheral blood vessels when under the loading of extreme flexion and 
extension postures. In cervical lateral flexion, where the coupled motion of the upper 
cervical spine causes C0 and C2 to rotate in the opposite directions in the midst of the 
ipsilateral translation of C1, it becomes evident that the occipito-atlas-axis complex could 
stress the spinal cord during joint dysfunction. This would occur through the mechanical 
linkage of the vertebra-dura-dentate complex. (Chek and Curl 1994:142) 
 
  
 
 
 
 
 
 
 
Figure 2.2: Cross Section of the Spinal Cord Showing the Meninges and Dural Root 
Sleeves 
 
 
 
From: Cramer, G.D. Darby, S.A. (1995) Basic and Clinical Anatomy of the Spine, Spinal Cord and ANS. 
Mosby , Baltimore, pp 63. 
 
 
 
 
Although the dentate ligaments are not rigid, Khan refers to Dr. McCotter, who suggested 
that, the dentate ligaments and their attachments might increase in strength and size if 
they were to be subjected to a long period of abnormal stress. This nonphysiologic 
hypertrophy could undoubtedly increase the dentate ligaments ability to distort the cord 
under aberrant biomechanical conditions. (Khan 1946:146) 
 
Breig (1978:122); states that tension set up in the brain, spinal cord and nerve roots, 
through the presence of a lesion or pathological structure located within or outside the 
tissue, is a prominent cause of neurological signs and symptoms. When nerve tissue is 
under this type of tension, the molecules of its membrane are drawn further apart on its 
convex than on its concave aspect. This unequal separation results in a difference in 
osmotic permeability and subsequently in the resistance of the membrane to ionic 
immigration. This, in turn, results in alterations of action potentials. 
 
The spinocerebellar tracts are located at the periphery of the cord, with the lateral 
corticospinal and lateral spinothalamic tracts adjacent to them. These tracts, located in the 
immediate vicinity of the dentate ligaments, are therefore “potentially” subject to 
maximal irritation by traction placed on them (Chek and Curl 1994:140). The 
spinocerebellar tracts terminate in the cerebellum and convey unconscious 
proprioception. In the lateral corticospinal tract, most fibers end on interneurons, which 
transmit the impulse for voluntary movement to anterior horn cells and transmit cortical 
inhibition via interneurons (Check and Curl 1994:141)(Cramer and Darby 1995:273). 
 
 
 
Refer to Figure 2.3: Proximity of the Dentate Ligaments to the Peripheral Spinal Cord 
Tracts 
 
 
 
 
 
 
 
 
 
 
 
       Figure 2.3: Proximity of Dentate Ligaments to Peripheral Spinal Cord Tracts 
                         A) Longitudinal tensile stress as result of lateral atlas subluxation. 
                        B) Torsional stress in posterolateral and anterolateral areas of cord as 
                            result of coupled motion of cranial side bending with rotation of C2 
                           and ipsilateral translation of atlas. 
 
 
From: Chek, P. Curl, D.D. (1994) Posture and Head Pain. IN Chiropractic Approach to Head Pain, 
Williams and Wilkins. Baltimore, pp. 139-142. 
  
 The spinothalamic tracts are organized in laminar fashion with the most lateral fibers 
corresponding to the sacral and lower lumbar nerve distributions and carry pain and 
temperature sensations as well as extero and proprioceptive impulses. If traction of the 
dentate ligaments in the upper cervical cord produces mechanical irritation of the 
spinothalamic tract, it could produce pain in the low back and legs. (Grostic 
1991:19)(Chek and Curl 1994:141) 
 
 
2.5   POSTURE 
 
Posture has been described as the biomechanical interaction between organism and 
gravity. Faulty posture will create mechanical stress and weakness of the human spine 
and has an insidious effect upon the articulations of the vertebral column. 
Uncompensated distortions are often accompanied by upper cervical fixations that result 
from maintenance of the head in proper relation to the environment. In addition upper 
cervical fixation may also cause descending compensatory effects to occur. (Gatterman 
1990:282) 
 
The workforce in the corporate environment may be especially prone to develop cervical 
fixations due to poor ergonomics or as a result of sitting for prolonged periods in faulty 
postures ie. the “poked head” position also known as the forward head position. In this 
position the person is sitting with a increased thoracic kyphosis and the head is moved in 
front of the center of gravity together with an increased cervical lordosis (Gatterman 
1990:31). 
 
Refer to Figure 2.4: Forward Head Position 
 
Kapanji (1974:113); states that the spinal curves in the seated position may be altered 
from the curves in the upright standing posture, depending on the seated posture of the 
individual. In the sitting position relying on ischio-sacral support, the trunk is pulled back  
 
 
 
 
 
 
Figure 2.4: Forward Head Position 
 
 
From: Gatterman, M.I. (1990) Chiropractic Management of Spine Related Disorders. Williams and          
Wilkins. Baltimore, pp. 33. 
 
 
  
 
as a whole to rest on the back of the chair and is supported by the ischial tuberosities, the 
posterior surface of the sacrum and the coccyx. The pelvis is tilted backwards, the lumbar 
curvature is flattened, the thoracic curvature is increased and the head may lie forward on 
the thorax leading to inversion of the cervical curvature. Watson and Trott (1993:272) 
concluded that this forward head position increases the load on the posterior muscles that 
rotate the head (occiput) backwards to maintain the orthostatic horizontal position of the 
eyes. This, in turn, weakens the antagonist muscles (upper cervical flexors) and 
contributes to upper cervical joint and myofascial dysfunction. 
 
In ideal posture, the normal upright spine should be relatively straight with the centers of 
mass of the skull and vertebra of the spinal column centered squarely over the sacrum 
and pelvis. In conditions where an anomaly of the vertebral body (eg., wedge vertebra) or 
abnormalities of the soft tissues (eg., shortened muscles) exist, then a “straight” spine is 
not the preferred posture. In the absence such anomaly, the spine may adopt a slightly 
curved position in an attempt to compensate for prolonged asymmetrical postures while 
under gravity. A person sitting askew for long time periods can have compensation in the 
spinal posture which may not resolve after standing erect. It is often found that when an 
individual is unable to avoid constant asymmetrical loading of the spinal column, a 
curved posture may be advantageous with regard to conserving muscle energy. (Plaugher 
1993:36,37) 
 
In the event, where a motion segment does not exhibit any advanced degenerative 
changes and in the absence of asymmetrical ergonomic stressors, the use of adjustments 
and other rehabilitative therapies such as exercise maneuvers may be beneficial in 
normalizing the upright posture. Before any exercise or stretching therapies are 
implemented, spinal adjustments should be used to improve the pathomechanics of the 
motion segment while observing the spinal compensatory mechanisms that usually 
follow. (Plaugher 1993:37) 
  
 
The thoracic and sacral curves are termed primary and are formed by wedge like 
configurations of the vertebra or sacral segments. The cervical and lumbar curves are not 
present in utero and are therefore termed secondary. At approximately the 3rd month the 
cervical lordosis is formed as the infant begins to lift the head, while the lumbar curve 
begins to form as the child learns to stand and walk. The apices of the normal sagittal 
curves are as follows: C4-C5, T6-T7, and L3. There are considerable variations in the 
amount of lordosis or kyphosis in the normal individual. Clinical observations suggest 
that a straight spine, in the saggital plane, is more prone to dysfunction. (Plaugher 
1993:37) 
 
Taking all variations into account, the doctor should seek to restore the normal lordosis 
and kyphosis if they are abnormal. This is generally achieved through the combination of 
spinal adjustments and exercises or postural maneuvers. Ergonomic considerations are 
critical. The slouching computer operator with the head bent in a forward position will 
have a more difficult time in returning the cervical lordosis to normal. It is important not 
to isolate the various spinal regions from one another. For example, the lumbar spine and 
pelvis can often contribute to compensation reactions in the upper spine. (Plaugher 
1993:37) 
 
 
2.6 UPPER CERVICAL INFLUENCE ON THE RETICULAR SYSTEM 
 
The reticular formation, termed a formation because its cell bodies are widespread within 
the tegmentum of the medulla, pons and midbrain, is a vital center of regulatory nuclei. 
The neurons of this formation provide a large network of synaptic activity directed both 
rostrally and caudally along the brain stem. It is important to note that axons of reticular 
neurons, extend the length of the cord, have collaterals that communicate with neurons of 
other tracts throughout the length of the cord and may divide into ascending and 
descending branches acting simultaneously on the cord and mesencephalon. The nuclei of 
the reticular formation receive collateral axons from all sensory pathways, regardless of 
where afferentation is initiated. The efferent (designating nerves or neurons that relay 
impulses from the brain and spinal cord to muscles, glands and other effectors) activity of 
the nervous system is the response to the compared and modulated afferentation, and 
most efferent discharge is directly modulated by the reticular formation. (Crowe and 
Kleinman 1991:13) 
 
Strongly suggested by factual evidence is that the atlas adjustment has an effect on the 
entire nervous system primarily through its effect on articular mechanoreceptors. The 
function of articular mechanoreceptors is to provide information depicting the orientation 
of the different parts of the body with respect to each other in space and gravity. Articular 
mechanoreceptors are organized in such a way that the population of receptors is greater 
per joint, the closer the joint is to the head i.e. The occipito-atlanto-axial joint has a 
higher concentration of these receptors than any other articulation. In regards to the 
maintenance of equilibrium, the most important proprioceptive information is derived 
from the articular receptors of the cervical spine, appraising the orientation of the head in 
respect to the body. (Crowe and Kleinman 1991:12) 
 
Information from the joints ascends to the brain via the fastest transmitting fibers 
reaching the thalamus, cerebellum and the reticular formation. These are the three main 
coordinating areas where afference (designating nerves or neurons that convey impulses 
from sense organs and other receptors to the brain and spinal cord) is compared and an 
appropriate response is formed. It has been clinically apparent for many years that the 
upper cervical subluxation produces symptoms and whole body imbalance. The reticular 
formation is the neural component that physiologically explains the consistent clinical 
findings of the atlas subluxation complex. (Crowe and Kleinman 1991:12) 
 
Mechanoreceptive afferent input provides primary sensory experience to the reticular 
formation for modulation of descending control, and is conducted along nerve fibers with 
the greatest velocity of transmission. This descending control includes the direct 
regulation of posture by inhibition and facilitation of synergistic and antagonistic muscle 
groups, ipsilaterally and contralaterally, as well as the direct regulation of autonomic 
responses and the regulation of consciousness, wakefulness and pain. (Crowe and 
Kleinman 1991:13) 
 
Crowe and Kleinman (1991:14); concluded that physical disequilibrium and loss of 
physiologic motion involving a weight bearing joint supplies irregular input from the 
primary sensory modality, and through axo-axonal and axo-dendritic synapses this 
irregular supply spills over into central nervous system feedback loops and potentially 
into all body systems. Most weight-bearing joints can recouple by design upon cavitation, 
but an exception to this rule is the more complex “universal joint” design of atlas-axis 
which support the skull bipedally under the condyles and affords versatile motion of the 
head. The use of chiropractic adjusting to unbuckle and balance this support (which is by 
far the richest in population of mechanoreceptors) results in equilibrium, physiologic 
motion and balanced afferentation by the most neurologically influential joint in regards 
to awareness of oneself directly, and indirectly to the weight-bearing aspect of the entire 
skeletal structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
CHAPTER 3 – METHODOLOGY 
 
 
3.1   INTRODUCTION 
 
This chapter concentrates on explaining the manner in which the research project 
was developed and executed as well as the method of selection of candidates.  
 
3.2   STUDY DESIGN  
 
The purpose of this study was to assess the effect of cervical spine manipulation on 
low back pain in the workforce of the corporate environment. 
 
3.2.1   Patient Selection 
 
In order to recruit patients for the study, A4 poster advertisements (Appendix A) were 
placed at the Technikon Witwatersrand Doornfontein Campus and at various companies 
in Gauteng. The study was conducted at the Technikon Witwatersrand Chiropractic Day 
Clinic. 
 
This particular study required a sample size of thirty patients between the ages of 
eighteen and sixty years old inclusive and of no specific gender. The patients were 
randomly divided into three groups of ten. All patients received specific diversified 
chiropractic adjustments according to the States Manual (Kirk, Lawrence and 
Valvo 1990). Group A received chiropractic adjustments of the cervical spine. 
Group B received chiropractic adjustments of the lumbar spine and sacro-iliac 
joints and Group C received both forms of treatment.   
 
A requirement for this study was that the patients spend their time at work in a 
seated position at the workstation and suffer from mechanical lower back pain that 
has commenced at work. Subjects were excluded if they had undergone any spinal 
surgery or have any underlying pathology. Subjects for the research study were 
accepted or rejected on the basis of the inclusion or exclusion criteria. 
 
3.2.1.1   Inclusion Criteria 
 
• Subjects had to have mechanical low back pain that has commenced at work 
• Subjects had to spend the majority of their time at work in a seated position. 
• Subjects had to be between the ages of 18 and 60 years. 
• Subjects must not have received any physical or medical treatment for low back 
pain in the last six weeks, nor receive any other treatment during the time of the 
study. 
• Subjects must not have had back surgery. 
 
3.2.1.2 Exclusion Criteria 
 
• Subjects were excluded if they presented with any contraindication to spinal 
manipulative therapy as determined by case history and examination findings 
(Gatterman 1990:67,68). These include the following: 
1) Vertebro-basilar insufficiency syndrome (pathological state of the vertebral 
artery/s causing decreased blood supply to the brain),  
2) Neoplasms (spinal or systemic) 
3) Acute disc lesions 
4) Spinal infections 
5) Severe neurological dysfunction 
6) Spinal fractures  
 3.2.2 Randomization Process 
 
As  the  patients  entered the  study,  they  were asked  to pick one of  three cards out 
of  a  
box. The cards were named A, B, and C, with the intention of having thirty patients 
divided into three equal groups of ten. Group A received chiropractic adjustments 
to the cervical spine. Group B received chiropractic adjustments to the lumbar 
spine and sacroiliac joints. Group C received a combination of chiropractic 
adjustments to the cervical and lumbar spine as well as to the sacroiliac joints. 
 
3.2.3     Patient Consent 
 
Subjects that have met the criteria were requested to sign an informed consent form 
prior to any treatment (Appendix B). The treatment protocol as well as the time 
frame in which the treatment took place was explained. The subjects were also given 
the opportunity to ask any questions regarding the research and treatment protocol. 
 
 
3.3. RESEARCH PROCESS 
 
On the first visit, all patients were interviewed to compile a case history of their 
lower back pain using a standard Technikon Witwatersrand Chiropractic Patient 
Case History form (Appendix C). All patients then underwent a pertinent physical 
examination noting any systemic abnormalities, using a standard Technikon 
Witwatersrand Chiropractic Pertinent Physical Examination (Appendix D). All the 
patients in Group A underwent a cervical spine regional examination in order to 
note any contraindications to chiropractic adjustment using standard Technikon 
Witwatersrand Cervical Spine Regional Examination (Appendix E). The patients in 
Group B underwent a lumbar spine regional examination to note any underlying 
pathology or contraindication to chiropractic adjustment using a standard 
Technikon Witwatersrand Lumbar Spine Regional Examination (Appendix F). The 
patients in Group C underwent both cervical and lumbar spine regional exams 
using standard Technikon Witwatersrand Cervical and Lumbar Spine Regional 
Examinations. Special attention was placed on motion palpation of the cervical and 
lumbar spines to ascertain movement restrictions (fixations) of vertebral motion 
segments, as discussed in the literature review. 
 
 
 
3.4     INTERVENTIONS 
 
Subjects were randomly treated nine times over a four-week period. 
 
3.4.1 Chiropractic Motion Palpation 
 
Motion palpation was used to assess the zygopophyseal joints for restrictions prior 
to chiropractic manipulation on each visit. Motion palpation of the cervical spine 
was done in Groups A and C, and lumbar spine and sacroiliac motion palpation was 
done in Groups B and C. All assessments were done with the patient in a seated 
position, except for the sacro-iliac motion palpation, which was done standing. The 
following motions were assessed: 
 
3.4.1.1   Cervical Spine 
 
1) Flexion/Extension of C0-C1 
 
• The tip of the index finger was placed in the space between the mandibular 
ramus and the anterior tip of the atlas transverse process. 
• The indifferent hand supported the top of the head, inducing flexion and 
extension 
• The space palpated should close during flexion and open during extension. 
(Peterson and Bergmann 2002:199) 
 
2) Rotation of C0-C1   
                                                                 
• The tip of the index finger was placed in the space between the mandibular 
ramus and the anterior tip of the atlas transverse process. 
•  The indifferent hand passively rotated the head away, and then towards the 
contact. 
• The space palpated should open during rotation to the opposite side and close 
during rotation towards the same side. (Peterson and Bergmann 2002:200) 
 
3) Lateral flexion of C0-C1 
 
• The tip of the index finger was placed between the inferior tip of the mastoid 
process  and the atlas transverse process. The indifferent hand passively laterally 
flex the head towards, and then away from the contact. 
• The space palpated should close during lateral flexion towards the contact side, 
and open during lateral flexion towards the opposite side. (Peterson and 
Bergmann 2002:200) 
 
4) Medial glide of C0-C1 
 
• An index contact was placed on the lateral aspect of the atlas transverse process. 
• The indifferent hand passively flexed the head towards the contact hand, while 
medial pressure was applied against the transverse process. 
• The atlas should glide towards the side of flexion. (Peterson and Bergmann 
2002:203) 
 
5) Flexion/Extension of C1-C2 
 
• The tip of the index finger was placed in the space between the posterior tubercle 
of the atlas and the spinous process of the axis. 
• The indifferent hand supported the top of the head, inducing flexion and 
extension. 
• This space should open on flexion and close on extension of the neck, and the 
posterior tubercle should become apparent on flexion and be lost to touch on 
extension. (Shafer and Faye 1990:105) 
 
6) Rotation of C1-C2 
 
• The palmar surfaces of the middle and index fingers contacted the posterolateral 
aspects of the transverse processes of the atlas and axis. 
• The indifferent hand passively flexed the head a few degrees towards the contact 
hand, and then rotated the head away. 
• Anterior rotation of C1 and separation of the C1-C2 intertransverse space 
should occur on the side of the contact. (Peterson and Bergmann 2002:201) 
 
7) Flexion/Extension of C2-C7 
 
• Bilateral contact was established over each one of the articulations. The index 
finger and middle fingers were placed on one side, and a thumb contact on the 
other. After assessing one level, the hand was moved down to the next level. 
• The indifferent hand supported the top of the head, inducing flexion and 
extension. 
• During flexion the articular pillars should glide anterosuperiorly with separation 
of the joint surfaces. During extension, the articular pillars should glide 
posteroinferiorly resulting in approximation of the joints. (Peterson and 
Bergmann 2002:206) 
 
8) Rotation of C2-C7 
 
• The palmar surfaces of the middle and index fingers contacted the posterior 
surfaces of the articular pillars of adjacent vertebrae. After assessing one level 
the hand was moved down to the next level. 
• The indifferent hand passively rotated the head away from the contact hand. 
• The superior articular pillar should move forward relative to the inferior 
articular pillar during cervical rotation to the opposite side. (Peterson and 
Bergmann 2002:203) 
 
9) Lateral flexion of C2-C7 
 
• The palmar surfaces of the middle and index fingers contacted the posterolateral 
aspects of the spinous processes or on the articular pillars of the segments being 
evaluated. After assessing one level the hand was moved down to the next level.  
• The indifferent hand passively flexed the head over the palpating fingers 
towards the contact. 
• Additional joint play, at the end of passive motion was evaluated. The articular 
pillars should approximate on the side of lateral flexion and separate on the 
opposite side. (Shafer and Faye 1990:106) 
 
3.4.1.2   Lumbar Spine 
 
1) Flexion/Extension of L1-L5 
 
• A fingertip contact was made between the spinous processes. 
• The indifferent hand produced passive flexion and extension of the trunk, 
focusing the movement over the contact hand. 
• The interspinous spaces should open during flexion and close during extension. 
(Peterson and Bergmann 2002:294) 
 
2) Lateral flexion of L1-L5 
 
• The use of a thumb contact was established against the lateral aspect of adjacent 
spinous processes, spanning the interspinous space. 
• The indifferent hand induced lateral flexion towards the contact side by 
applying pressure on the shoulder. 
• The spinous processes should shift towards the convex side. (Peterson and 
Bergmann 2002:293) 
 
3) Rotation of L1-L5 
 
• The use of a thumb contact was established against the lateral aspects of 
adjacent spinous processes, spanning the interspious space. 
• The indifferent hand was used to induce trunk rotation towards the contact. 
• The proximal spinous process should move away from the distal spinous process, 
in the direction of trunk rotation. (Peterson and Bergmann 2002:292-293) 
 
3.4.1.3   Sacroiliac Joints 
 
1) Flexion/Extension of the Sacroiliac joints 
 
a) General Sacroiliac Motion 
• The patient was asked to stand supported by reaching out and contact the wall. 
• Thumb contacts were established on the subject’s posterior superior iliac spines 
(PSISs). 
• The subject was asked to raise the right knee up and down, bending the knee as 
if taking a high step. 
• The right PSIS should arc posteriorly and inferiorly and after about 20° of leg 
raise, the left sacro-iliac PSIS also drops backwards and downward. The test 
was repeated on the left. (Shafer and Faye 1990:260)  
 
b)   Superior Joint Motion 
• A thumb contact was established on the sacral base of the subject and the other 
thumb on the right PSIS. 
• The subject was instructed to raise the right flexed knee. 
• The examiner’s thumbs should separate. The sacral base should arc anteriorly 
and inferiorly or conversely, the PSIS will move backwards and downwards. 
The test was done bilaterally. (Shafer and Faye 1990:260) 
 
b) Inferior Joint Motion 
• A thumb contact was established on the subject’s sacral apex and the other 
thumb on the ischial protuberance. 
• The subject was instructed to raise the flexed knee on the side being tested. 
• The ischium should move antero-superior and slightly lateral on the sacrum. 
The test was done bilateral. (Shafer and Faye 1990:260) 
 
 
 
3.4.2      Spinal Manipulative Therapy 
 
Spinal manipulative therapy was used to correct restrictions in joint motion that 
was observed during joint motion palpation. The following techniques were 
implemented. 
 
3.4.2.1      Cervical Spine 
 
1) Posterior Superior Occiput 
• Indications:   Rotary restrictions of C0-C1 
• Patient position:   Patient lies supine, head rotated 45° with listing up. 
• Researcher’s position:   Homolateral to listing, at right angles to patient, facing 
patient . 
• Contact hand:   Caudad hand, palmar contact over cheek and mandible, pad of 
thumb on posteriorinferior aspect of mastoid, fifth digit inferior to jaw, forearm 
parallel and close to sternum. 
• Indifferent hand:   Cephalad hand, cup ear with palm, forearm parallel to floor. 
• Thrust:   Traction cephalad with both hands. Indifferent hand laterally flexes 
neck between occiput and atlas homolateral to listing. Contact hand induces 
quick rotation to occiput through mastiod contact. (Kirk, Lawrence and Valvo 
1990:37) 
 
2) Superior Condyle 
• Indications:   Lateral flexion restriction C0-C1 
• Patient position:   Supine, head in neutral position. 
• Researcher’s position:   Homolateral to listing, at right angle to patient, facing 
patient 
• Contact hand:   Caudad hand, index contact on lateral aspect of mastoid process, 
forearm parallel to floor and wrist in ulnar deviation. 
• Indifferent hand:   Cephalad hand, contact chin with fingers, forearm contacts 
lateral aspect of face hand head. 
• Thrust:   Indifferent hand tractions cephalad and laterally flexes neck over 
contact hand. Contact hand thrusts through mastoid contact at right angle to the 
midsagittal plane of the head. (Kirk, Lawrence and Valvo 1990:39) 
 
3) Wrist Action Cervical Break 
• Indications:   Rotary restrictions of C2-C7 
• Patient position:   Supine, head rotated with listing up. 
• Researcher’s position:   Head of table facing caudad. 
• Contact hand:   Homolateral hand, anterolateral aspect of distal-interphalangeal 
joint or proximal-interphalangeal joint contact on the listed articular pillar, 
wrist in ulnar deviation. 
• Indifferent hand:   Contralateral hand, palmar aspect cupping ear, fingers 
supporting occiput and flexing head. 
• Thrust:   High velocity wrist roll of contact hand only. (Kirk, Lawrence and 
Valvo 1990:47) 
 
4) Cervical Break 
• Indications:   Lateral flexion restrictions of C1-C7 
• Patient position:   Supine, head straight. 
• Researcher’s position:   On homolateral side, at right angle to patient 
• Contact hand:   Caudad hand, index contact on transverse process of listing, 
forearm parallel to floor. 
• Indifferent hand:   Cephalad hand, cups ear with palm and laterally flex neck 
over contact hand. 
• Thrust:   High velocity thrust straight across in line with eyes. (Kirk, Lawrence 
and Valvo 1990:56) 
 
5) Thumb Movement: Bench TM 
• Indications:   Rotary and lateral flexion restrictions of C7 
• Patient position:   Prone, headpiece lowered, head turned away from researcher. 
• Researcher’s position:   Fencer’s stance facing cephalad, homolateral to listing. 
• Contact hand:   Cephalad hand, pad of thumb contact on lateral aspect of 
spinous process of listed vertebra, forearm parallel to floor. 
• Indifferent hand:   Caudad hand, palm cups the ear. 
• Thrust:   Indifferent hand tractions cephalad and into further rotation. Contact 
hand thrusts straight across. (Kirk, Lawrence and Valvo 1990:79) 
 
3.4.2.2     Lumbar Spine and Sacroiliac Joints 
 
1) Thigh Tranverso-Deltoid 
• Indications:   Rotary and lateral flexion restrictions of L1-L5 
• Patient position:   Side-lying with listing up, lower thigh and leg are straight, 
upper thigh and leg are flexed with dorsum of foot in popliteal space of lower 
limb. Pelvis is brought towards the edge of the table. Patient’s upper torso is 
centered on the table. 
• Researcher’s position:   Anterior to patient, in fencer’s stance facing cephalad, 
lateral thigh to thigh contact. 
• Contact hand:   Caudad hand, pisiform contact on mamillary process of listed 
segment, fingers parallel to spine.  
• Indifferent hand:   Cephalad hand, palmar contact on anterior aspect of 
shoulder. 
• Thrust:   Remove body slack with contact hand, indifferent hand and thigh. 
Indifferent hand stabilizes. Contact hand thrusts anterior on the mamillary 
process with a simultaneous body drop. (Kirk, Lawrence and Valvo 1990:105) 
 
2) Thigh Ilio-Deltoid 
• Indications:   Upper sacro-iliac fixation. Flexion malposition of inominate. 
• Patient position:   Side-lying with listing up, lower thigh and leg are straight, 
upper thigh and leg are flexed with dorsum of foot in popliteal space of lower 
limb. Pelvis is brought towards the edge of the table. Pelvis is positioned so that 
the upper ASIS is anterior to the lower ASIS. 
• Researcher’s position: Anterior to patient, in fencer’s stance facing cephalad, 
lateral thigh to thigh contact. 
• Contact hand:   Caudad hand, pisiform contact medial and inferior to PSIS. 
• Indifferent hand:   Cephalad hand, palmar contact on anterior aspect of 
shoulder. 
• Thrust:   Indifferent hand stabilizes. Contact hand drives PSIS anterior with 
slight torque (ulnar deviation) and simultaneous body drop. (Kirk, Lawrence 
and Valvo 1990:119) 
 
3) Ischial Popliteal Deltoid 
• Indications:   Lower sacro-iliac fixations. Extension malposition of inominate. 
• Patient position:   Side-lying with listing up. Lower thigh and leg are straight, 
upper thigh is flexed and brought off the table anteriorly. 
• Researcher’s position:   Anterior to patient, fencer’s stance, facing cephalad, 
standing between the patients legs, patella of cephalad leg is placed in popliteal 
space of patient’s upper leg. Caudad thigh is against the table bracing the 
patient’s lower thigh. 
• Contact hand:   Caudad hand, pisiform-calcaneal contact on the posterior aspect 
of the ischial tuberosity, forearm and fingers pointing down line of femur. 
• Indifferent hand:   Cephalad hand, palmar contact on the anterior aspect of the 
shoulder. 
• Thrust:   Indifferent hand stabilizes by tractioning cephalad on shoulder. 
Contact hand drives in line of femur as researcher’s cephalad leg tractions 
patient’s upper thigh into further flexion. (Kirk, Lawrence and Valvo 1990:127) 
 
 
3.5 MEASUREMENTS 
 
3.5.1 Objective Measurements 
 
3.5.1.1 The Digital Inclinometer 
 
Trunk motion is a compound movement combining intersegmental and hip motion 
components. While we are as yet unable to measure intersegmental motion non-
invasively, inclinometers may be used to separate the hip from the lumbar spine 
motion component and derive valuable information. (Andersson 1992:409) 
 
Before treatments one, three, six, and nine, lumbar spine ranges of motion were 
measured in all groups using a Digital Inclinometer. The average of three readings 
per range of motion was recorded. The following ranges of motion were recorded: 
Extension, forward flexion, lateral flexion, and rotation. The patient was instructed 
to stand in the erect posture, with their feet approximately 15 cm apart in the 
neutral position. Measurements for all ranges of motion were taken at the L5-S1 
interspace (point A) and at the T12-L1 interspace (point B) according to the AMA 
Guidelines method. (Saunders 1997) 
 
Extension: The inclinometer was placed at point A and the patient was asked to 
complete full extension where a reading was taken, making sure the patient did not 
bend their knees as this would affect the apparent extension mobility. This was 
repeated at point B. The inclinometer was zeroed before each range was taken. In 
order to calculate each range of motion, the readings at point A was subtracted 
from the readings at point B. (Saunders 1997) 
 
Forward Flexion: The inclinometer was placed at point A and the patient was asked 
to complete full forward flexion where a reading was taken. This was repeated at 
point B. The inclinometer was zeroed before each range was taken. In order to 
calculate each range of motion, the readings at point A was subtracted from the 
readings at point B. (Saunders 1997) 
 
Lateral Flexion: The patient stood in the same position and the inclinometer was 
zeroed at point A. The patient flexed laterally to their full range by running the 
respective arm down their leg and keeping their legs straight. Recordings were 
taken at point A and point B for left and right sides. The range was calculated by 
subtracting the readings at point A from the readings at point B from each side. 
(Saunders 1997) 
 
Rotation: The patient stood in 90 degrees of forward flexion and the inclinometer 
was zeroed at point A. The patient rotated their left shoulder maximally forward for 
left rotation and a recording was taken. This was repeated on the opposite side and 
again at point B. Ranges were calculated by subtracting readings at point A from 
readings at point B for each side. (Saunders 1997) 
 
3.5.2 Subjective Measurements 
 
Before treatments one, three, six, and nine subjects were requested to complete a 
Oswestry Disability Index Questionaire (Appendix G) as well as a Visual Analogue 
Pain Scale (Appendix H) in order to measure the intensity and quality of their pain 
experienced. 
 
3.5.2.1    Oswestry Back Disability Index 
 
This determines the degree of pain and disability perceived by the patient and how 
it affects his or her day-to-day life. The restoration of previously ceased daily 
activities is shown on this questionnaire and will indicate if the treatment is 
effective. For each of the ten sections the highest possible score is five and the lowest 
is zero. The top statement scores zero if filled in and the scores increase 
progressively by one as you progress down the statements up to a maximum of five. 
The sum of all the completed sections were added together and given as a 
percentage of the highest possible score. If all the sections are completed the highest 
score attainable would be fifty, and this would decrease by five for each section that 
was left out. (Fairbank 1980:271-273) 
 
3.5.2.2    Visual Analogue Pain Scale 
 
The Visual Analogue Pain Scale was used to measure the intensity of the patients’ 
pain. The patients were required to measure the severity of their lower back pain by 
marking a 10 cm long line where the left hand side indicated 0 (no pain) and the 
right hand side, which indicated 10 (severe pain). The patients mark on the line 
were measured and converted to a percentage and recorded independantly for 
Group A, B and C. The Visual Analogue Pain Scale has been demonstrated as a 
valid measurement of and comparison between pain. (Price 1983:45)     
 
 
 
 
  
 
 
 
CHAPTER 4 – RESULTS 
 
 
4.1 INTRODUCTION 
 
The influence of the experimental protocol on all three groups was determined by the 
degree to which there was a statistically significant difference between the initial and the 
ninth treatments’ individual measurements for the objective findings. 
 
The efficacy of the treatment protocol was also determined by the degree to which there 
was a significant difference in the subjective findings, namely the way the patients 
perceived their pain for the duration of the treatment period. This was measured in all 
three groups using the Oswestry Pain Disability Index and the Visual Analogue Pain 
Scale. In addition, the efficacy was determined by the degree to which the subjects’ 
disability percentages changed as treatment progressed. 
 
4.2 STATISTICAL ANALYSIS OF DATA 
The statistical analysis was conducted on a 95% confidence level. 
4.3 DEMOGRAPHICS 
 
 
DATA 
 
GROUP A 
 
GROUP B GROUP C 
MEAN AGE 27.9 27.6 33.5 
GENDER 
DISTRIBUTION 
6 Female 
4 Male 
7 Female 
3 Male 
7 Female 
3 Male 
 
RACE 
DISTRIBUTION 
 
10 Caucasian 
 
9 Caucasian 
1 Chinese 
9 Caucasian 
1 African 
 
     Table 4.1: Demographic data within sample of 30 patients 
 
4.4 OBJECTIVE DATA 
 
 
4.4.1 Digital Inclinometer Results 
 
4.4.1.1   Extension Range of Motion 
 
 
 
GROUP A – Cervical Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 8.67 4.72 1.49 
Rx3 10.80 5.37 1.70 
Rx6 10.30 5.52 1.75 
Rx9 10.90 3.98 1.26 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
GROUP B – Lumbar Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 9.40 4.90 1.55 
Rx3 11.90 5.26 1.66 
Rx6 11.80 4.89 1.55 
Rx9 11.80 4.94 1.56 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
GROUP C – Combination Group 
Treatment Mean Standard Deviation SEM 
Rx1 7.40 4.65 1.47 
Rx3 8.80 4.98 1.58 
Rx6 8.20 3.39 1.07 
Rx9 10.70 4.74 1.50 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
Table 4.2, 4.3, 4.4: Results of One Way Analysis of Variance Test on Digital Inclinometer readings for 
Extension in Group A, B and C. 
 
The above tables show that the range of motion in extension between treatment one (Rx1) 
and treatment nine (Rx9) increased with 2.23° in Group A, increased with 2.40° in Group 
B and increased with 3.30° in Group C.  
 
4.4.1.2   Forward Flexion Range of Motion 
 
 
 
GROUP A – Cervical Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 36.7 7.10 2.25 
Rx3 38.3 10.58 3.35 
Rx6 39.3 8.91 2.82 
Rx9 41.6 7.49 2.37 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
 
GROUP B – Lumbar Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 40.8 12.8 4.04 
Rx3 39.1 11.4 3.61 
Rx6 41.8 12.3 3.90 
Rx9 42.2 11.3 3.59 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
 
GROUP C – Combination Group 
Treatment Mean Standard Deviation SEM 
Rx1 35.6 8.02 2.54 
Rx3 32.1 8.28 2.62 
Rx6 34.4 7.34 2.32 
Rx9 36.7 6.48 2.05 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
Table 4.5, 4.6, 4.7: Results of One Way Analysis of Variance Test on Digital Inclinometer readings for 
Forward Flexion in Group A, B and C. 
 
 
The above tables show that the range of motion in forward flexion between treatment one 
(Rx1) and treatment nine (Rx9) increased with 4.90° in Group A, increased with 1.40° in 
Group B and increased with 1.10° in Group C.  
 
 
 
 
4.4.1.3   Left Lateral Flexion Range of Motion 
 
 
 
GROUP A – Cervical Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 14.2 6.56 2.08 
Rx3 13.5 6.43 2.03 
Rx6 14.6 4.58 1.45 
Rx9 14.5 4.53 1.43 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
 
GROUP B – Lumbar Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 12.7 6.29 1.99 
Rx3 16.3 5.21 1.65 
Rx6 16.2 5.92 1.87 
Rx9 16.4 4.60 1.45 
The power of the performed test (0.0583) is below the desired power of 0.8000. 
 
 
 
GROUP C – Combination Group 
Treatment Mean Standard Deviation SEM 
Rx1 11.4 5.13 1.62 
Rx3 12.4 3.95 1.25 
Rx6 13.7 3.95 1.25 
Rx9 13.6 3.84 1.21 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
Table 4.8, 4.9, 4.10: Results of One Way Analysis of Variance Test on Digital Inclinometer readings for 
Left Lateral Flexion in Group A, B and C. 
 
 
The above tables show that the range of motion in left lateral flexion between treatment 
one (Rx1) and treatment nine (Rx9) increased with 0.30° in Group A, increased with 
3.70° in Group B and increased with 2.20° in Group C.  
 
 
 
 
4.4.1.4   Right Lateral Flexion Range of Motion 
 
 
 
GROUP A – Cervical Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 14.8 7.32 2.31 
Rx3 14.1 5.92 1.87 
Rx6 12.1 3.38 1.07 
Rx9 13.7 3.50 1.11 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
 
GROUP B – Lumbar Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 14.8 7.07 2.24 
Rx3 17.1 6.49 2.05 
Rx6 14.7 6.04 1.91 
Rx9 15.7 6.22 1.97 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
 
GROUP C – Combination Group 
Treatment Mean Standard Deviation SEM 
Rx1 9.9 5.88 1.86 
Rx3 10.0 3.89 1.23 
Rx6 12.3 4.69 1.48 
Rx9 12.8 4.80 1.52 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
Table 4.11, 4.12, 4.13: Results of One Way Analysis of Variance Test on Digital Inclinometer readings for 
Right Lateral Flexion in Group A, B and C. 
 
 
The above tables show that the range of motion in right lateral flexion between treatment 
one (Rx1) and treatment nine (Rx9) decreased with 1.10° in Group A, increased with 
0.90° in Group B and increased with 2.90° in Group C.  
 
 
 
4.4.1.5    Left Rotation Range of Motion  
 
 
 
GROUP A – Cervical Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 4.60 1.90 0.600 
Rx3 4.50 2.22 0.703 
Rx6 6.20 1.32 0.416 
Rx9 6.00 2.05 0.650 
The power of the performed test (0.2935) is below the desired power of 0.8000.                  
 
 
 
GROUP B – Lumbar Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 6.50 3.44 1.088 
Rx3 6.00 2.83 0.894 
Rx6 5.40 2.63 0.833 
Rx9 6.60 2.07 0.653 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
 
GROUP C – Combination Group 
Treatment Mean Standard Deviation SEM 
Rx1 5.40 3.24 1.024 
Rx3 5.30 2.06 0.651 
Rx6 5.30 1.64 0.517 
Rx9 6.20 2.15 0.680 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
Table 4.14, 4.15, 4.16: Results of One Way Analysis of Variance Test on Digital Inclinometer readings for 
Left Rotation in Group A, B and C. 
 
 
The above tables show that the range of motion in left rotation between treatment one 
(Rx1) and treatment nine (Rx9) increased with 1.40° in Group A, increased with 0.10° in 
Group B and increased with 0.80° in Group C. 
 
 
 
4.4.1.6   Right Rotation Range of Motion 
 
 
 
GROUP A – Cervical Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 4.30 2.75 0.870 
Rx3 4.50 2.55 0.806 
Rx6 5.60 1.78 0.562 
Rx9 5.90 2.18 0.690 
The power of the performed test (0.0728) is below the desired power of 0.8000. 
 
 
 
GROUP B – Lumbar Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 6.00 4.24 1.34 
Rx3 6.80 3.52 1.11 
Rx6 5.80 3.55 1.12 
Rx9 6.40 3.75 1.19 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
 
GROUP C – Combination Group 
Treatment Mean Standard Deviation SEM 
Rx1 5.50 3.37 1.067 
Rx3 5.20 3.52 1.114 
Rx6 4.50 1.57 0.477 
Rx9 5.50 2.22 0.703 
The power of the performed test (0.0493) is below the desired power of 0.8000. 
 
 
Table 4.17, 4.18, 4.19: Results of One Way Analysis of Variance Test on Digital Inclinometer readings for 
Right Rotation in Group A, B and C. 
 
The above tables show that the range of motion in right rotation between treatment one 
(Rx1) and treatment nine (Rx9) increased with 1.60° in Group A, increased with 0.40° in 
Group B and remained the same in Group C. 
 
PLEASE NOTE: ALL OBJECTIVE DATA RESULTS WERE NOT STATISTICALLY 
SIGNIFICANT, THEREFORE NO GRAPHS HAVE BEEN ILLUSTRATED 
 
4.4.2   Digital Inclinometer 
 
Tables 4.2 to 4.19 show the mean values for the three groups in Extension, Flexion, 
Lateral Flexion and Rotation. None of the statistically analysed results of the Saunders 
Digital Inclinometer showed a P-value <0.800 which is the desired value for the One Way 
Analysis of Variance Test. The differences therefore in the mean values among the 
treatment groups were not great enough to exclude the possibility that the difference was 
due to random sampling variability and that there was not a statistically significant 
difference. The inter-group analysis using the Student-Newman-Keuls Multiple 
Comparisons Test is only used if the results are statistically significant. 
 
4.5 SUBJECTIVE DATA 
 
4.5.1 Oswestry Back Disability Index Results 
 
GROUP A – Cervical Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 16.00 5.73 1.81 
Rx3 10.70 7.15 2.26 
Rx6 9.40 7.78 2.46 
Rx9 4.40 6.52 2.06 
The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P =  0.00612). 
 
 
GROUP B – Lumbar Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 18.50 8.54 2.70 
Rx3 10.70 7.42 2.35 
Rx6 7.70 5.96 1.89 
Rx9 4.40 4.50 1.42 
The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P =  0.000355). 
 
 
GROUP C – Combination Group 
Treatment Mean Standard Deviation SEM 
Rx1 18.80 12.83 4.06 
Rx3 12.40 8.32 2.63 
Rx6 8.50 7.17 2.27 
Rx9 5.90 5.70 1.80 
The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P =  0.0154). 
 
Table 4.20, 4.21, 4.22: Results of One Way Analysis of Variance Test on the Oswestry Back Disability                  
Index for Group A, B and C. 
 
 
 
 
GROUP A 
Treatment Mean Difference P-Value <0.05 
Rx1 vs Rx9 11.60 Yes 
Rx1 vs Rx6 6.60 No 
Rx1 vs Rx3 5.30 Do not test 
Rx3 vs Rx9 6.30 No 
Rx3 vs Rx6 1.30 Do not test 
Rx 6 vs Rx9 5.00 Do not test 
 
 
 
 
 
GROUP B 
Treatment Mean Difference P-Value <0.05 
Rx1 vs Rx9 14.10 Yes 
Rx1 vs Rx6 10.80 Yes 
Rx1 vs Rx3 7.80 Yes 
Rx3 vs Rx9 6.50 No 
Rx3 vs Rx6 3.90 Do not test 
Rx6 vs Rx9 2.60 Do not test 
 
 
 
 
 
 
 
GROUP C 
Treatment Mean Difference P-Value <0.05 
Rx1 vs Rx9 12.90 Yes 
Rx1 vs Rx6 10.30 Yes 
Rx1 vs Rx3 6.40 No 
Rx3 vs Rx9 6.50 No 
Rx3 vs Rx6 3.90 Do not test 
Rx6 vs Rx9 2.60 Do not test 
 
                  Table 4.23, 4.24, 4.25: Student-Newman-Keuls Multiple Comparisons Test for the 
                                                           Oswesty Back Disability index questionnaire (%) 
 
 
 
 
 
 
 
 
 
 
TREATMENT GROUP A GROUP B GROUP C 
Rx 1 16.00 % 18.50 % 18.80 %  
Rx 3  10.70 % 10.70 % 12.40 % 
Rx 6 9.40 % 7.70 % 8.50 % 
Rx 9 4.40 % 4.40 % 5.90 % 
 
 
Table 4.26. Mean Values obtained from the Oswestry Back Disability Index questionnaire (%) 
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                   Figure 4.1. Bar graph comparing the Mean Oswestry Back Disability Index values for 
                                      the three Groups from Rx1 to Rx9. 
 
 
 
 
 
Figure 4.1 showed that there was a marked improvement in the Oswestry Back Disability 
Index Questionnaire scores for all three groups. A statistically significant improvement 
was evident in all three groups in terms of a decrease in pain and disability, due to the 
negative mean differences indicated in Table 4.27. 
 
 
 
 
 
 
 
 
 
 
 
 
TREATMENT MEAN DIFFERENCE 
GROUP A 
Rx3-Rx1 -5.3 
Rx6-Rx1 -6.6 
Rx9-Rx1 -11.6 
GROUP B 
Rx3-Rx1 -7.8 
Rx6-Rx1 -10.8 
Rx9-Rx1 -14.1 
GROUP C 
Rx3-Rx1 -6.4 
Rx6-Rx1 -10.3 
Rx9-Rx1 -12.9 
 
 
 
   
                      Table 4. 27. Mean Difference values obtained from the Oswestry Back Disability Index 
                                   Questionnaire (%) 
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Figure. 4.2: Pie chart showing Mean Difference in Oswestry Back Disability Index values From Rx1 
                    compared to Rx 9 
 
 
 
Figure 4.2 shows a comparison between the three groups regarding the mean difference 
values between treatment one (Rx1) and treatment nine (Rx9). It indicates that Group B 
(lumbar spine group) with a mean difference of -14.1 had a more significant 
improvement compared to the other two groups, followed by Group C (combinatiom 
group) with a mean difference of -12.9 and Group A (cervical spine group) with a mean 
difference of –11.6.  
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Figure. 4.3: Line graph showing trend of Oswestry Disability Index values between Group A,B, and C 
 
 
Figure 4.3 illustrates the mean difference values for the three groups and shows the 
difference in gradient between the groups. The cervical group (Group A) appear to 
have taken longer to respond than the other two groups. The combination group 
(Group C) appear to have responded faster than the other two groups at the start of 
the treatment protocol whereas the lumbar spine group (Group B) appear to have 
had a steady decline from the start.  
 
 
 
 
 
4.5.2   Visual Analogue Pain Scale Results 
 
 
 
GROUP A – Cervical Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 39.2 7.57 2.39 
Rx3 31.7 13.44 4.25 
Rx6 24.7 13.54 4.28 
Rx9 11.3 9.76 3.09 
The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P =  0.0000307). 
 
 
 
GROUP B – Lumbar Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 43.10 12.10 3.79 
Rx3 27.10 15.2 4.81 
Rx6 18.60 20.11 6.34 
Rx9 9.90 15.3 4.83 
The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P =  0.000348). 
 
 
 
GROUP C – Cervical and Lumbar Spine Group 
Treatment Mean Standard Deviation SEM 
Rx1 53.60 18.62 5.89 
Rx3 36.80 20.91 6.61 
Rx6 19.80 16.54 5.23 
Rx9 6.20 7.10 2.24 
The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P =  0.00000141). 
 
Table 4.28, 4.29, 4.30: Results of One Way Analysis of Variance Test on the Visual Analogue Pain Scale 
for Group A, B and C. 
 
 
 
 
 
 
 
GROUP A 
Treatment Mean Difference P-Value <0.05 
Rx1 vs Rx9 27.90 YES 
Rx1 vs Rx6 14.50 YES 
Rx1 vs Rx3 7.50 NO 
Rx3 vs Rx9 20.40 YES 
Rx3 vs Rx6 7.00 NO 
Rx 6 vs Rx9 13.40 YES 
 
 
 
 
 
GROUP B 
Treatment Mean Difference P-Value <0.05 
Rx1 vs Rx9 33.20 YES 
Rx1 vs Rx6 24.50 YES 
Rx1 vs Rx3 16.00 YES 
Rx3 vs Rx9 17.20 NO 
Rx3 vs Rx6 8.50 NO 
Rx 6 vs Rx9 8.70 NO 
 
 
 
 
 
GROUP C 
Treatment Mean Difference P-Value <0.05 
Rx1 vs Rx9 47.40 YES 
Rx1 vs Rx6 33.80 YES 
Rx1 vs Rx3 16.80 YES 
Rx3 vs Rx9 30.60 YES 
Rx3 vs Rx6 17.00 YES 
Rx 6 vs Rx9 13.60 NO 
 
 
                  Table 4.31, 4.32, 4.33: Student-Newman-Keuls Multiple Comparisons Test 
                For the Visual Analogue Pain Scale (%) 
 
 
 
 
 
 
TREATMENT GROUP A GROUP B GROUP C 
Rx 1 39.20 % 43.10 % 53.60 % 
Rx 3  31.70 % 27.10 % 36.80 % 
Rx 6 24.70 % 18.60 % 19.80 % 
Rx 9 11.30 % 9.90 % 6.20 % 
 
Table 4.34. Mean Values obtained from the Visual Analogue Pain Scale (%) 
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                   Figure. 4.4:  Bar graph comparing the Mean Visual Analogue Pain Scale values for 
                                        the three Groups from Rx1 to Rx9 
              
Figure 4.4 shows that there was a marked improvement in the Visual Analogue Pain 
Scale scores for all three groups. A statistically significant improvement was evident in 
all three groups in terms of a decrease in pain experienced by the patients, due to the 
negative mean differences indicated in Table 4.35. 
 
TREATMENT MEAN DIFFERENCE 
GROUP A 
Rx3-Rx1 -7.5 
Rx6-Rx1 -14.5 
Rx9-Rx1 -27.9 
GROUP B 
Rx3-Rx1 -16.0 
Rx6-Rx1 -24.5 
Rx9-Rx1 -33.2 
GROUP C 
Rx3-Rx1 -16.8 
Rx6-Rx1 -33.8 
Rx9-Rx1 -47.4 
 
 
 
         Table 4.35. Mean Difference values obtained from the Visual Analogue Pain Scale (%) 
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Figure. 4.5: Pie chart showing Mean Difference in Visual Analogue Pain Scale values From Rx1 
                     compared to Rx 9 
 
 
 
 
Figure 4.5 shows a comparison between the three groups regarding the mean difference 
values between treatment one (Rx1) and treatment (Rx9). It indicates that Group C 
(combination group) with a mean difference of –47.4 had a more significant 
improvement compared to the other two groups, followed by Group B (lumbar spine 
group) with a mean difference of –33.2 and Group A (cervical spine group) with a mean 
difference of –27.9.  
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Figure. 4.6: Line graph showing trend of Visual Analogue Pain Scale values between Group A,B, and C 
 
 
 
Figure 4.6 illustrates the mean difference values for the three groups and shows the 
difference in gradient between the groups. The combination group (Group C) 
appear to have had a more significant improvement with a more rapid decrease in 
pain experienced compared to the other two groups. The lumbar spine group 
(Group B) appear to have had a constant improvement throughout the treatment 
protocol but to a lesser extent than Group C. The cervical group (Group A) appear 
to have taken longer to respond than the other two groups from treatment one (Rx1) 
to treatment six (Rx6), however had an significant improvement from treatment six 
(Rx6) to treatment nine (Rx9). 
 
 
 
 
CHAPTER 5 – DISCUSSION 
 
 
5.1   INTRODUCTION 
 
The main hypothesis for this study was that cervical spinal manipulation would aid 
in the treatment of lower back pain in the workforce of the corporate environment. 
The theory behind this was that by correcting the biomechanical dysfunction of the 
cervical spine, it will eliminate the compensatory effects in the lumbar spine and 
pelvis, thus increasing the range of motion in the lumbar spine and in turn result in 
decreasing pain and disability.  
 
 5.2   DEMOGRAPHICS  
 
The Demographics of the experimental groups were subdivided into mean age, gender, 
and race (Table 4.1). The mean age of Group A was 27.9, Group B was 27.6 and Group 
C was 33.5 years. The gender distribution of Group A consisted of 6 female and 4 male 
participants, Group B consisted of 7 female and 3 male participants and Group C 
consisted of 7 female and 3 male participants. The race distribution of Group A consisted 
of 10 Caucasian participants, Group B consisted of 9 Caucasian participants and 1 
Chinese participant, and Group C consisted of 9 Caucasian participants and 1 African 
participant.  
 
5.3 OBJECTIVE DATA 
 
5.3.1  Digital Inclinometer Results 
 
5.3.1.1   Extension Range of Motion 
 
It is evident from Tables 4.2, 4.3, 4.4, that Group C showed the best results in increasing 
the range of motion in extension of the lumbar spine, between treatment one (Rx1) and 
treatment nine (Rx9). Group C showed an increase of 3.30°, followed by Group B with 
2.40° and Group A with 2.23°. Thus by treating the cervical spine together with the 
lumbar spine and pelvis as done in Group C, showed the best results for increasing the 
range of motion in extension. It is interesting to note that by treating the cervical spine 
only, as done in Group A, resulted in increasing the range of motion in extension, to 
almost a similar extent as by treating the lumbar spine only as done in Group B. 
Improvement in extension range of motion might be due to the fact that spinal 
manipulation can close the gate on pain transmission and also influence sensorimotor 
reflex connections. These effects may result in a reduction of both pain and muscle 
hypertonicity, that may have an effect on range of motion (Haldeman 1992:121). 
 
5.3.1.2 Forward Flexion Range of Motion 
 
It is evident from Tables 4.4, 4.6, 4.7, that Group A showed the best results in 
increasing forward flexion range of motion in the lumbar spine, between treatment 
one (Rx1) and treatment nine (Rx9). Group A showed an increase of 4.90° followed 
by Group B with an increase of 1.40° and Group C with an increase of 1.10°. It was 
interesting to note that by only treating the cervical spine as done in Group A, the 
best results were obtained in increasing forward flexion range of motion. This might 
be due to the fact that hypertonic paraspinal muscles can limit forward flexion of 
the lumbar spine. Nansel et al. (1993:91); states, that cervical spine manipulation 
can have a significant effect of the tone of the lumbopelvic musculature, presumably 
by facilitating tonic neck reflexes involving intersegmental spinal pathways. 
 
5.3.1.3 Left Lateral Flexion Range of Motion 
 
 
It is evident from Tables 4.8, 4.9, 4.10, that Group B showed the best results in 
increasing left lateral flexion range of motion in the lumbar spine, between 
treatment one (Rx1) and treatment nine (Rx9). Group B showed an increase of 
3.70°, followed by Group C with an increase of 2.20° and Group A with an increase 
of 0.30°. Thus with regard to left lateral flexion range of motion, treating the lumbar 
spine and pelvis as done in Group B showed the best results. 
5.3.1.4   Right Lateral Flexion Range of Motion 
 
It is evident from Tables 4.11, 4.12, 4.13, that Group C showed the best results in 
increasing right lateral flexion range of motion in the lumbar spine, between 
treatment one (Rx1) and treatment nine (Rx9). Group C showed an increase of 
2.90°, followed by Group A with an increase of 1.10°, and Group B with an increase 
of 0.90°. Thus with regard to right lateral flexion range of motion, treating the 
cervical spine together with the lumbar spine and pelvis, as done in Group C 
showed the best results. Group C showed good results in both left and right lateral 
flexion; this might be as a result of eliminating the primary and secondary 
subluxation in the cervical and lumbar spine respectively that can be related to one 
another based on the Lovett Reactor System (Walther 2000:70). 
 
5.3.1.5   Left Rotation Range of Motion 
 
It is evident from Tables 4.14, 4.15, 4.16, that Group A showed the best results in 
increasing left rotation range of motion in the lumbar spine, between treatment one 
(Rx1) and treatment nine (Rx9). Group A showed an increase of 1.40°, followed by 
Group C with an increase of 0.80°, and Group B with an increase of 0.10°. Thus 
with regard to left rotation range of motion, treating the cervical spine only; as done 
in Group A; showed the best results.  
 
5.3.1.6 Right Rotation  Range of Motion 
 
It is evident from Tables 4.17, 4.18, 4.19, that Group A showed the best results in 
increasing right rotation range of motion in the lumbar spine, between treatment one 
(Rx1) and treatment nine (Rx9). Group A showed an increase of 1.60°, followed by 
Group B with an increase of 0.40°, and Group C that remained the same.  
 
 
Thus with regard to right rotation range of motion, treating the cervical spine only; as 
done in Group A; showed the best results. Group A showed the best results in both left 
and right rotation. This might be as a result of the fact that cervical spine manipulation 
can eliminate the mechanical irritation the dentate ligaments may have on the spinal cord 
(Grostic 1991:15, 16) 
 
 
5.3.2 Summary of Objective Data 
 
As the aforementioned hypothesis states; the aim of this study was to decrease the 
pain experienced in the lumbar spine in relation to an increased range of motion. 
This hypothesis was affirmed as the ranges of motion, measured by the Digital 
Inclinometer in general, did increase during the treatment protocol. However the 
increase in range of motion observed among the treatment groups were not great 
enough to exclude the possibility that the differences was due to random sampling 
variability, thus there was not a statistically significant difference. 
 
It is worth noting that cervical spine manipulation resulted in increased range of 
motion in all the lumbar spine ranges of motion when measured with the digital 
inclinometer. Not only did it have an effect on the range motion of the lumbar spine, 
it also outperformed the other groups in flexion as well as both left and right 
rotation.  
 
The author’s opinion is, there may be many variables when measuring lumbar spine 
range of motion that will affect the final results. Correct placement of the inclinometer on 
every visit, patient position and movement, human error and the patient’s response to 
pain are some of the variables that need to be taken into consideration. It should also be 
noted that the patients were not placed in isolation, so one has no control over their active 
lifestyles. When people feel better they tend to be more active and this may influence the 
readings on subsequent visits. 
 
 5.4 SUBJECTIVE DATA 
 
5.4.1 Oswestry Disability Index  
 
The results obtained from the Oswestry Disability Index (Table 4.20, 4.21, 4.22) 
shows that the lumbar spine and pelvis group (Group B) produced the best results 
for improving pain severity and disability between treatment one (Rx1) and 
treatment nine (Rx9). Group B  improved from a mean value of 18.5 to 4.4 [76.2 %]. 
This was followed by the cervical spine group (Group A) that improved from a 
mean value of 16 to 4.4 [72.5 %] and the combination group (Group C) that 
improved from a mean value of 18.8 to 5.9 [68.6 %]. 
 
All three groups showed results that were statistically significant. Figure 4.3 shows a bar 
graph comparing the mean values obtained from the Oswestry Disability Index 
Questionnaire. It is evident that the treatments in all three groups had statistically 
improved the patient’s pain and disability. Group B showed the most significant 
improvement compared to the other two groups in regards to the Oswestry Disability 
Index. It is worth noting that Group A (cervical spine group) showed a significant 
improvement of 72.5 % for pain severity and disability of the lumbar spine in regards to 
the Oswestry Disability Index.  
 
Figure 4.4 illustrates the mean difference values between treatment one (Rx1) and 
treatment nine (Rx9) of the three groups in a pie chart. From this chart it is evident that 
the lumbar spine and pelvis group (Group B) had the most significant effect in improving 
the pain and disability experienced by the patients during the treatment protocol. It is 
worth noting that although the cervical spine group (Group A) did not respond as well as 
the other two groups, it shows it had a statistically significant effect on improving the 
pain and disability experienced by the patients, according to the subjective findings of the 
Oswestry Disability Index. 
 
A line graph comparing the statistically significant results is shown in Figure 4.5. It 
compares the gradient of the Oswestry Disability Index values between the three groups. 
It shows that Group A had a slower response to the treatment compared to the other two 
groups from treatment one (Rx1) to treatment six (Rx6) and then had a steady 
improvement between treatment six (Rx6) and treatment nine (Rx9). Groups B and 
Group C followed a much similar gradient throughout the treatment protocol.  
 
5.4.2 Visual Analogue Pain Scale 
 
The results obtained from the Visual Analogue Pain Scale (Tables 4.28, 4.29, 4.30) 
shows that the combination group (Group C) produced the best results for improving the 
pain experienced by the patients between treatment one (Rx1) and treatment nine (Rx9). 
Group C improved from a mean value of 53.6 to 6.2 [88.4 %]. This was followed by the 
lumbar spine and pelvis group (Group B) that improved from a mean value of 43.1 to 9.9 
[77.0 %] and the cervical spine group (Group A) that improved from a mean value of 
39.2 to 11.3 [71.2 %].  
 
All three groups showed results that were statistically significant. Figure 4.6 shows a bar 
graph comparing the mean values obtained from the Visual Analogue Pain Scale. A 
statistically significant improvement was evident in all three groups in terms of a 
decrease in pain experienced by the patients. Group C showed the most significant 
improvement compared to the other two groups in regards to pain experienced according 
to the Visual Analogue Pain Scale. 
 
Figure 4.7 illustrates the mean difference values obtained from the Visual Analogue Pain 
Scale between treatment one (Rx1) and treatment nine (Rx9) of the three groups in a pie 
chart. From this chart it is noticeable that the combination group (Group C) had the most 
significant success in decreasing the patients pain according to the Visual Analogue Pain 
Scale findings. Although the cervical spine group (Group A) had the least amount of 
success compared to the other two groups, it is evident that it had a significant impact on 
improving the pain experienced by the patients, according to the subjective findings of 
the Visual Analogue Pain Scale.  
 
A line graph comparing the statistically significant results is shown in Figure 4.8. It 
compares the gradient of the Visual Analogue Pain Scale values between the three 
groups. It shows that the combination group (Group C) had the most rapid response to 
treatment and improved on a steady gradient from treatment one (Rx1) to treatment nine 
(Rx9). The lumbar spine and pelvis group (Group B) had responded to a lesser extent 
than Group C, but also improved on a steady gradient throughout the treatment protocol. 
The cervical spine group (Group A) responded slower than the other two groups from 
treatment one (Rx1) to treatment six (Rx6) and then improved on a more rapid rate from 
treatment six (Rx6) to treatment nine (Rx9) compared to Group B. 
 
5.4.3 Summary of Subjective Data 
 
One of the main objectives of the study was to improve the low back pain experienced by 
the patients in the study groups. All the groups showed an improvement in pain and 
disability according to the Oswestry Disability Index results and an improvement in pain 
experienced according to the Visual Analogue Pain Scale results. From the subjective 
data it is noticeable that although the cervical spine group (Group A) had the least 
amount of success compared to the other two groups, it has obtained a statistically 
significant effect in both the Oswestry Disability Index as well as the Visual Analogue 
Pain Scale results, which suggests a positive finding in the hypothesis set forward by the 
author i.e. Whether cervical spinal manipulation will have an effect on low back pain in 
the workforce of the corporate environment. 
 
 
 
 
 
 
CHAPTER 6 – CONCLUSION AND 
                                RECOMMENDATIONS 
 
 
6.1 CONCLUSION 
 
It is disappointing to note that only statistically significant results were obtained 
within the subjective outcomes, namely the Oswestry Back Disability index and 
Visual Analogue Pain Scale. However, the objective measurements showed 
predictive trends that are interesting to note. All the groups showed an increase in 
range of motion of the lumbar spine. It is of particular interest to note that the 
cervical spine manipulation, as done in Group A also had an effect of increasing the 
lumbar spine range of motion. Not only did Group A show an increase in range of 
motion, it also outperformed the other two groups in flexion and both left and right 
rotation.  
 
The fact that all three groups showed statistically significant results from the 
subjective findings, suggests that chiropractic manipulative therapy has a positive 
effect on treating low back pain in the workforce of the corporate environment. Of 
particular interest here are the subjective results of Group A (cervical spine group), 
which show that cervical spine manipulation has a statistically significant effect on 
improving the low back pain in the workforce of the corporate environment.  
 
In conclusion, the results of the study show that cervical spine manipulation did 
have a positive effect on the low back pain in the workforce of the corporate 
environment. This study further suggests that when treating patients suffering from 
low back pain with chiropractic manipulative therapy, special attention could be 
placed on treating the cervical spine. By examining and treating the cervical spine it 
could further improve the patient’s condition and may eliminate the primary cause 
of their low back pain.  
 
 
  
6.2   RECOMMENDATIONS 
 
Validation and improvement of these initial results may be achieved through the 
following recommendations: 
 
• Inclusion of a three-month follow up consultation may be beneficial in 
determining the long-term effectiveness of treatment. 
 
•  Education and advice regarding ergonomics may aid in the effectiveness of the 
long-term results for people in the corporate environment. 
 
• Correct use and placement of the Digital Inclinometer is vital for accurate 
readings regarding the objective measurements. Marks on the patients skin or 
linear measurements may aid in obtaining effectiveness.  
 
• Include another objective measurement such as the Back Range of Motion 
Device produced by Saunders. 
 
• Include cervical range of motion in all three groups to aid in the validity of the 
study. 
 
• Treat only specific areas of the cervical spine to eliminate generalization. 
 
• Use a greater sample size to reveal more statistically significant results. 
 
• Use participants in the corporate environment that fall under more exact 
specifications to eliminate a variety of occupations e.g. use only personal 
assistants.    
 
• Use a smaller age bracket to eliminate the difference in response to treatment.  
 
• Use an independent blind observer to record measurements to eliminate 
researcher          bias 
 
• Instruct participants to refrain from all physical activities during the trial 
period, to eliminate the effect it may have on the measurements. 
• Use X-rays as diagnostic criteria to rule out underlying pathology or pre-existing 
conditions. 
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